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CRUCIFEROUS VEGETABLE INTAKE AND CARDIOVASCULAR DISEASE 
RISK IN THE FRAMINGHAM OFFSPRING COHORT 
JENNA KAITLYN SAGER 
ABSTRACT 
Fruit and vegetable intake has been demonstrated to be inversely correlated with 
cardiovascular disease (CVD) risk, but it remains to be elucidated whether different 
subclasses of fruits and vegetables and their bioactive constituents have different effects 
on CVD risk. Cruciferous vegetables have garnered increasing attention over the years, as 
evidence for their protective role in cancer and other chronic diseases has grown. 
However, since studies examining associations between cruciferous vegetable intake and 
CVD are limited and some results are conflicting, we used data from the Framingham 
Offspring Study starting with examination 5 (N=2,902) to evaluate the association 
between cruciferous vegetable intake and carefully adjudicated cardiovascular outcomes. 
Cruciferous vegetable consumption was classified into 4 categories; <1, 1-<3, 3-<6, and 
6+ one-half cup servings per week. Cox proportional hazard models were used to adjust 
for potential confounding; the final model contained baseline body mass index (BMI), 
age, smoking status, alcohol intake (drinks per day), total fruit and vegetable intake, and 
trans fatty acid intake. Follow up continued for three consecutive 4-year exam cycles. 
Using <1.0 serving/week as the referent category, the hazard ratios (HR) for CVD 
declined in a dose-response manner with cruciferous vegetable intake (HR: 0.79, 95% CI: 
0.64-0.98; HR: 0.78, 95% CI: 0.61-1.01; and HR: 0.66, 95% CI: 0.45-0.98, respectively). 
In sex-stratified analysis, the strongest effect was found in men consuming 6+ servings 
		 v 
per week (HR: 0.49, 95% CI: 0.24 – 0.98). HR estimates also declined in women, but 
with less of a dose-response pattern. Overall, these data suggest that there is an inverse 
association between cruciferous vegetable intake and CVD risk in both men and women.  
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INTRODUCTION 	
Cardiovascular disease (CVD) is the primary cause of mortality in developed 
countries, and is increasingly prevalent in developing countries, causing roughly 610,000 
fatalities every year and about 735,000 myocardial infarctions among Americans (CDC, 
2017). The need for successful behavioral prevention strategies such as diet and exercise 
is critical. Emerging evidence corroborates the important influence of food-derived 
biomolecules on physiological processes. Fruit and vegetable intake has been 
demonstrated to be inversely correlated with CVD risk (Aune et al., 2017; Alissa & 
Ferns, 2017; Harthley et al., 2013), but it remains to be elucidated whether different 
subclasses of foods and their bioactive constituents confer the strongest impact on CVD 
risk.  
Cruciferous vegetables have been shown to harbor nutrigenomic potential; their 
high concentrations of the phytochemical glucoraphin are catabolized to isothiocyanates 
(ITCs) via the enzyme myrosinase. The majority of the protective effects of cruciferous 
vegetables have been attributed to their ITCs. Sulforaphane, a subclass of ITCs, has been 
shown to be the most potent dietary activator of the nuclear factor E2-related factor 2 
(Nrf2) pathway. The basic leucine zipper transcription factor Nrf2 has been shown to be 
the body’s most powerful defense against oxidative stress—it is a master regulator of the 
cellular defense system which modulates a plethora of cytoprotective downstream 
effectors, including genes that contain an antioxidant response element (ARE) and 
xenobiotic response element (XRE) in their promotor regions (Jiménez-Osorio et al., 
2015). The conversion of the inert precursor glucoraphin to its bioactive hydrolysis 
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products, ITCs, occurs when the plant tissue is masticated, chopped or blended, and can 
also be converted by the intestinal microbiota which is endowed with myrosinase activity 
(Tian et al., 2017). Therefore, it is plausible to speculate that microflora dysbiosis may 
interfere with the metabolism of ITCs (Tian, 2017). Some studies suggest that genetic 
polymorphisms such as glutathione s-transferase theta-1 (GSTT1) and glutathione s-
transferase Mu 1 (GSTM1) may impact the individual’s metabolic response to 
cruciferous vegetables (Vogtmann et al., 2014). For instance, having one or 2 null alleles 
for either gene slows the metabolism of ITCs by virtue of a downregulated glutathione s-
transferase enzyme, which, in turn, enables longer exposure of the ITCs and thus higher 
assimilation of them. All of these features may have implications in the individual 
biological response to crucifers and may underlie potential confounding for this study and 
others that do not account for these factors.  
Additional purported biological mechanisms underlying the health-promoting 
effects of crucifers are its modulation of phase I and phase II detoxification enzymes; 
specifically, ITCs downregulate phase I biotransformation activity and upregulate phase 
II detoxification activity (Munday & Munday, 2004). Moreover, cruciferous vegetables 
contain phytoestrogens, which are estrogen agonists that increase 2-hydroxylation of 
estrogen, thereby decreasing the activity of strong estrogen receptor agonists, 16-
hydroxylation estrogen products (Keck & Finley, 2004). Further, cruciferous vegetables 
also confer antioxidant properties that do not correspond to ITC activity (i.e., nitriles). 
(Keck & Finley, 2004). There is a plethora of evidence from epidemiological, clinical and 
basic science research which demonstrates that brassica vegetable consumption protects 
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against multiple different cancers, aging and all age-related diseases, as well as 
psychiatric disorders. Relatively few epidemiological studies have been published in the 
literature assessing CVD in relation to cruciferous vegetable intake, and while some 
current data are compelling, inconsistencies support the need for further examination. 
 
Cruciferous vegetables and CVD 
A study published by Zhang et al. demonstrated that, while overall fruit and 
vegetable intake was inversely associated with all-cause mortality, the reduction in CVD 
risk was strong in both men and women, with a dose-response pattern particularly evident 
in cruciferous vegetables. The mean follow-up was 10.2 and 4.2 years for women and 
men, respectively. Consistent with several prospective cohort studies (Bofetta et al., 
2010; Giovanucci et al., 2003; Key et al., 2004), no significant association was found 
between cruciferous vegetable intake and cancer risk in both men and women (Zhang et 
al., 2011). Similarly, a prospective cohort study comprising Australian women (mean age 
>70) showed that after a 15-year follow-up, cruciferous and allium vegetables conferred 
the strongest reduction in atherosclerotic vascular disease risk (Blekkenhorst et al., 2017), 
even after controlling for other foods (nuts, fish, red meat, legumes, and processed meat), 
the Nutrient-Rich Foods Index, total vegetable intake, total fruit intake, and individual 
nutrients (fiber, monounsaturated fatty acids, polyunsaturated fatty acids, saturated fatty 
acids, omega-3 fatty acids, potassium, magnesium, dietary cholesterol, carbohydrates, 
sugar, beta-carotene). Finally, a meta-analysis whose objective was to determine if higher 
intakes of green leafy vegetables (including cruciferous vegetables) confer a reduction in 
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the risk of CVD, found a statistically significant 15.8% mean reduction in the incidence 
of CVD (Pollock, 2016).  
 
Cruciferous vegetable intake and systemic inflammation 
A 2015 study showed that suppression of inflammation is a significant driver of 
successful healthspan (Arai et al., 2015). Systemic inflammation has been shown to be a 
driving force in the pathogenesis of a myriad of diseases.  
There are several studies that show an inverse relationship between pro-
inflammatory markers [i.e., interleukin-6 (IL-6), interleukin-1-beta (IL-1B), C-reactive 
protein (CRP), and tumor necrosis factor-alpha (TNF-a)] and cruciferous vegetable 
intake. In a randomized controlled trial, 14g/kg of body weight of cruciferous vegetables 
daily in healthy individuals led to 20% reductions in circulating levels of IL-6 (Navarro et 
al., 2014). Another study showed that a broccoli sprout powder containing approximately 
40mg of sulforaphanes (an amount comparable to roughly 100g of fresh broccoli sprouts) 
reduced TNF-a by 11% and lowered CRP by 16% in a cohort with type 2 diabetes 
(T2DM). When comparing the top 20% consumers of cruciferous vegetables with the 
bottom 20%, they have, on average, a reduction of circulating IL-6 by 25% and a similar 
decrease for other pro-inflammatory cytokines (ie: TNF-a), by 12.6% (Jiang et al., 2014).  
 After controlling for an array of potential confounders, a cross-sectional analysis 
detected that higher intakes of cruciferous vegetables had a significant inverse correlation 
with circulating levels of TNF-a, IL-1B, and IL-6. A similar, albeit less conspicuous 
correlation was seen with overall vegetable intake, but not for non-cruciferous 
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vegetables. Fruit intake had a non-significant inverse association with the pro-
inflammatory cytokines (Jiang et al., 2014). The inverse relationship was shown to be 
more prominent among women devoid of any history of infectious or inflammatory 
diseases. However, akin to the postulation of Jiang et al., perhaps this observed difference 
was due to the severity and heterogeneity of the para-inflammatory disease obscuring 
inflammation status, to which the authors of this study did not account for. Additionally, 
people who are afflicted with pathological conditions may be more likely to alter their 
behaviors which could potentially dilute the results. Many animal and cell culture studies 
have demonstrated an inverse relationship between cruciferous vegetable constituents and 
inflammation. One of such studies by Jung YJ et al. found that berteroin, an analog of 
sulforaphane present in cruciferae, significantly attenuated LPS-induced inflammatory 
signaling in murine macrophages and mouse skin (Jung YJ et al., 2014).  
 In a randomized, double blind, placebo-controlled clinical trial, patients with 
T2DM who consumed a broccoli sprout powder containing approximately 40 mg of 
sulforaphane (an amount you might get from roughly 100 g of fresh broccoli sprouts) for 
4 weeks had reduced TNF-a, hs-CRP, and IL-6 by 11%, 16%, and 0.7%, respectively 
(Mirmiran et al., 2012). 
 
Cruciferous vegetables and other chronic diseases 
A large amount of the research regarding cruciferous vegetables has focused on 
various types of cancer, with fewer studies focusing on other chronic diseases, including 
obesity and diabetes. 
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Chang et al. conducted an experiment with mice who were fed a high fat (HF) diet 
or a HF diet while being intraperitoneally injected with indole-3-carbinol (I3C), a 
derivative of cruciferous vegetables. These researchers found that the I3C modulated 
several metabolic parameters; specifically, there was improved glucose and insulin 
sensitivity, a higher adiponectin to leptin ratio, lower serum glucose, lower serum insulin, 
lower triacylglycerol. I3C treatment also attenuated acetyl coenzyme A carboxylase 
mRNA expression and increased peroxisome proliferator-activated receptor-γ protein 
expression in epididymal adipose tissue of these mice (Chang et al., 2011). 
In a 24-year prospective cohort study, Bertoia et al. (2015) found that among a variety of 
subclasses of fruits and vegetables, higher intakes of cruciferous vegetables and berries 
were associated with the smallest weight gain over time.  
 
Diabetes  
A meta-analysis comprising seven prospective cohort studies investigated the 
effects of cruciferous vegetables and citrus fruits on the incidence of type 2 diabetes 
mellitus (T2DM). These researcher’s results showed that cruciferous vegetables were 
associated with a reduction in the risk of (T2DM) with an overall HR= 0.83 (95% CI 0.76 
to 0.93) (Jia et al., 2016). Another meta-analysis investigated the independent effects of 
fruit and vegetable intake on the incidence of T2DM. Six prospective cohort studies met 
the inclusion criteria and length of follow-up was >10 years. Results showed no 
significant benefits of higher intakes of vegetables, fruits, or fruits and vegetables 
combined. However, they found that higher intakes of green leafy vegetables may 
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significantly reduce T2DM risk by 14%, with a HR= 0.86 (95% CI 0.77 to 0.97), p=.01 
(Carter et al., 2010). Some laboratory studies may provide mechanistic insight for these 
associations seen in prospective cohort studies. In a study published by Waterman et al., 
moringa oleifera, a tropical plant with nutritional bioactive properties analogous to 
cruciferous vegetables, was given to healthy C57BL/6J male mice (N=24) and caused 
significant reduction in weight gain, hepatic adiposity, gluconeogenesis, insulin, 
cholesterol, and inflammatory markers; with an increase in insulin signaling sensitivity 
and lipolysis (Waterman et al., 2015).  
 
Lung cancer 
To our knowledge, few prospective cohort studies have reported a significant 
inverse association between cruciferous vegetable intake and lung cancer (Feskanich et 
al., 2000; London et al., 2000, Lam et al., 2010), and most prospective studies reported a 
non-significant inverse association (Wright et al., 2008; Voorrips et al., 2000; Chow et 
al., 1992; Wu et al., 2013; Takata et al., 2009). Several case-control studies have 
demonstrated a decreased risk of lung cancer, even in smokers (Tang et al., 2010; Ruano-
Ravina et al., 2002; Gao et al., 1993; Galeone et al., 2007); however, after deleting early-
diagnosed cancer and adjusting for confounders, Mori et al. detected a non-significant 
inverse relationship trend between cruciferous vegetable intake and lung cancer risk in a 
cohort of Japanese men in the highest compared with the lowest quartiles (multivariate 
HR: 0.85; 95% CI: 0.69, 1.06; P-trend = 0.13). Stratified analysis by smoking status 
revealed a significant inverse association between cruciferous vegetable intake and lung 
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cancer risk among those who were never smokers and those who were past smokers after 
deleting lung cancer cases in the first 3 years of follow-up [multivariate HR for never 
smokers: 0.49 (95% CI: 0.27 to 0.87)); multivariate HR for past smokers: 0.59 (95% CI: 
0.35 to 0.99)]. No association was noted in men who were current smokers (Mori et al., 
2017).  
 
Bladder cancer 
In a male prospective cohort, Michaud et al., (1999) found a weak, non-significant 
inverse association between fruit and vegetable intake, but a statistically significant 
inverse association between cruciferous vegetable intake for the highest category of 
cruciferous vegetable intake compared to the lowest (RR= 0.49; 95% CI= 0.32 to 0.75). 
 
Breast cancer 
Peng, Luo, & Zhang (2017) conducted a meta-analysis of prospective cohort 
studies and found no significant association between cruciferous vegetable intake and 
breast cancer prognosis. Another meta-analysis comprising 11 case-control and 2 cohort 
studies found a significant inverse association between high cruciferous vegetable intake 
and breast cancer risk (RR = 0.85, 95% CI = 0.77 to 0.94) (Liu & Lv, 2012). Further, a 
meta-analysis of studies on breast cancer risk and diet in Chinese women corroborated 
that cruciferous vegetable intake is inversely correlated with breast cancer risk by as 
much as 40% (Wu et al., 2015).  
Sulforaphanes exert a direct chemopreventative action on animal and human 
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mammary tissue against breast cancer. According to Cornblatt et al., “oral administration 
of either the isothiocyanate, sulforaphane, or its glucosinolate precursor, glucoraphanin, 
inhibits mammary carcinogenesis in rats treated with 7,12-dimethylbenzanthracene.” 
(Cornblatt et al., 2007). Sulforaphane caused increased expression of a gene known as 
NQ01 within the breast tissue. NQ01 is involved in important processes associated with 
detoxification, but more importantly, prevents the degradation of the tumor suppressor 
protein p53 just one hour after consuming broccoli extract. 
Finally, in a randomized clinical trial in China, a broccoli sprout (one of the 
richest sources of sulforaphanes) beverage directly induced rapid, significant and 
sustainable detoxification of airborne pollutants, and specifically increased the excretion 
of benzene by 61% (Egner et al., 2014). This evidence supports some of the purported 
mechanisms by which sulforaphanes work, including the activation of phase II 
detoxification enzymes. 
 
Prostate cancer 
Six case-control studies included in a meta-analysis found an overall significant 
decrease in prostate cancer risk among those who reported higher intakes of cruciferous 
vegetables (RR= 0.90; 95% CI= 0.85 to 0.96) and the subgroup of case–control studies 
(RR= 0.79; 95% CI= 0.69 to 0.89). However, no significant association was found from 
the aggregation of seven prospective cohort studies included in the meta-analysis (RR= 
0.95; 95% CI= 0.88 to 1.02) (Liu et al., 2012). Further, another study showed a 41% 
decrease in prostate cancer risk among men eating 3 or more servings of cruciferous 
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vegetables per week relative to those eating less than one serving per week, irrespective 
of total vegetable intake (Cohen et al., 2000). 
 
Colorectal cancer 
In a prospective cohort study, Vogtmann et al. (2014) sought to assess the 
associations between cruciferous vegetable intake, GST gene polymorphisms, and 
colorectal cancer in a population of Chinese men, and they found no significant 
association between cruciferous vegetable intake and colorectal cancer risk in this cohort, 
nor were any significant associations detected from copy number of GSTT1 or GSTM1.  
 
Conclusion:  cruciferous vegetables and cancer risk 
While the majority of case-control studies suggest a significant inverse 
relationship between cruciferous vegetable intake and various types of cancer, data from 
prospective cohort studies is conflicting, and many studies do not reach statistical 
significance. However, data from basic science research and randomized clinical trials 
corroborate the potential therapeutic effectiveness of cruciferous vegetables on cancer, 
although the majority of those experiments exploited distilled vegetable extracts to study 
specific compounds, namely ITCs, and that may not provide a fully accurate depiction of 
how cruciferous vegetables act in their natural matrix.
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METHODS  
 
Study population: This longitudinal study included subjects from the Framingham 
Offspring Cohort, starting at exam five, when food frequency questionnaires were first 
collected. The Framingham Heart Study commenced in 1948 and continued for over 70 
years	(Dawber & Kannel, 1966). The Offspring Cohort was a second generation study 
derived from children and spouses of the Original Cohort, which was founded in 1971 
with 5124 subjects participating in the first examination (Kannel et al., 1979). The fifth 
examination visit (N=3,799) lasted from January 1991 through June of 1995. The 
Offspring Cohort undergoes repeat examination roughly every 3 to 4 years. 
 
Dietary assessment: Dietary intakes were assessed using a validated semi-quantitative 
food frequency questionnaire (FFQ) at the fifth examination. The FFQ comprised a list of 
foods with a serving size defined as ½ cup (raw or cooked not specified) and a selection 
of nine frequency categories ranging from never or <1 serving/month to ≥6 servings/day. 
Subjects were asked to report their frequency of consumption of each food item during 
the past year. Information on nutrient supplement use was also obtained by the FFQ. 
Dietary information was deemed as unreliable and excluded from further analysis if 
reported total energy intakes were <2,511 kJ/d (600 kcal/d) or >16,743 kJ/d (4,000 
kcal/d) for women and >17,580 kJ/d (4,200 kcal/d) for men or if more than twelve food 
items were left blank. Cruciferous vegetables that were collected with the FFQ included 
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the following: kale, mustard greens, or swiss chard (not technically a cruciferous 
vegetable), broccoli, cauliflower, cabbage/cole slaw, and brussels sprouts.  
 
Statistical methods: To be eligible for the longitudinal study, participants had to attend 
the fifth study examination (baseline for the present study) and be devoid of CVD at 
baseline. We also excluded those who were missing FFQ data or covariate data.  
We conducted analyses for all available subjects and stratified by sex. The 
participants were classified into 4 categories according to cruciferous vegetable intake 
(<1 [referent group]; 1-<3; 3-<6; and 6+). In each category of intake, person-years of 
follow-up was calculated from the time of the FFQ assessment until the first of the 
following outcome events: incident CVD occurrence, death, loss to follow-up, and the 
end of exam visit 8. Cox proportional hazards regression models (SAS, PROC PHReg) 
were used to analyze the prospective associations between cruciferous vegetable intakes 
and incidence of CVD, Hazard ratios (HRs) (and 95% confidence intervals) for CVD 
occurrence associated with cruciferous vegetable intake were adjusted for potential 
confounders. Covariates in the final model included total fruit and vegetable intake, 
Trans fatty acid intake, age, body mass index (BMI), cigarette smoking status (yes/no), 
and alcohol intake (g/week). Physical activity, polyunsaturated fatty acids (PUFAs), 
saturated fatty acids (SFAs), waist circumference, total vegetable intake and total fruit 
intake were removed from the model as they led to <10% change in their effect estimates 
and were therefore deemed not to be confounders. All statistical analyses were performed 
by using SAS software version 9.4.	 
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Ascertainment of CVD events and deaths: We calculated person-years by subtracting 
the date of the first CVD event from baseline at exam 5 and dividing by 365.25. The date 
of censoring for non-cases was determined by the date of death for subjects who have 
died without evidence of CVD, the date of last contact by Framingham if there was a 
CVD status check after the last exam attended, or the date of last exam they attended. 
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RESULTS 	
The mean intake of cruciferous vegetables was 3.4 servings (1.7 cups [1 serving = 
½ cup]) per week for women (n=1,600), and 2.3 servings (1.15 cups) per week for men 
(n=1,302). The baseline characteristics of the study subjects by categories of total 
cruciferous vegetable intake are shown in Table 1 (women) and Table 2 (men). Those 
consuming more cruciferous vegetables had higher intakes of total fruits and vegetables, 
and were more phyiscally active. There were no significant differences in mean BMI or 
alcohol intake across categories of intake of cruciferous vegetables. Further, there was no 
sigificant difference in the mean intake of trans fatty acids in men, but women who 
consumed a higher quantity of cruciferous vegetables tended to have lower intakes of 
trans fatty acids. Subjects with a higher cruciferous vegetable intake were also less likely 
to smoke cigarettes (data not shown). 
  
		
15 
Table 1. Baseline characteristics for women 
Variable 
0-<1 serving 
(n=357) 
1-<3 
(n=606) 
3-<6 
(n=430) 
6+ 
(n=207) 
Mean Std Dev Mean 
Std 
Dev Mean 
Std 
Dev Mean 
Std 
Dev 
BMI 26.6 5.60 26.5 3.93 26.51 5.75 26.47 5.30 
Age 54 9.63 53.78 9.97 54.51 9.21 54.62 9.40 
FV/wk 42 24.85 54.82 23.96 74.29 30.99 108.00 50.16 
Alcohol intake 6.1 10.91 7.166 19.92 8.095 12.22 5.874 10.40 
Trans fat/wk 2.9 1.9 2.914 1.97 2.791 1.61 2.531 1.74 
 
Abbreviations: FV= Total fruits and vegetables (1/2 cup=1 serving); wk= week; BMI= 
body mass index; std dev= standard deviation 
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Table 2. Baseline charactaeristics for men 
Variable 
0-<1 serving 
(n=489) 
1-<3 
(n=494) 
3-<6 
(n=229) 
6+ 
(n=90) 
Mean Std Dev Mean 
Std 
Dev Mean 
Std 
Dev Mean 
Std 
Dev 
BMI 28.13 4.33 28.21 9.97 28.38 9.54 54.97 4.01 
Age 53.69 9.33 53.88 23.96 54.89 30.00 92.24 9.48 
FV/wk 39.77 24.65 51.62 19.92 73.92 19.04 16.83 40.25 
Alcohol intake 14.87 20.16 15.07 1.97 15.42 2.18 3.729 22.55 
Trans fat/wk 3.785 2.45 3.739 4.20 3.66 4.01 3.729 2.56 
 
Abbreviations: FV= Total fruits and vegetables (1/2 cup=1 serving); wk= week; BMI= 
body mass index; std dev= standard deviation 
 
After a mean follow-up of 14.9 years, we observed a total of 514 CVD events out 
of 2,902 participants, 2,388 who were censored, and 35,528 person-years. An inverse 
association between cruciferous vegetable intake and CVD incidence, with a statistically 
significant dose-response pattern, was observed in the HRs across categories of total 
cruciferous vegetable intake of all subjects (except for the middle group, which did not 
reach statistical significance). In our final multivariable-adjusted model (Model 1: age, 
BMI, total fruit and vegetable intake, smoking status, alcohol intake, and total trans fatty 
acid intake), the HRs for groups 1-<3, 3-<6, and 6+ (versus <1 servings/week) were 0.79 
(95% CI 0.64-0.98); 0.78 (95% CI 0.61-1.01); and 0.66 (95% CI 0.45-0/98), respectively 
(Table 3). Adding sex and physical activity both individually and concurrently to the 
model resulted in a slight attenuation (<10% change) of the effect estimate. The inverse 
association of CVD risk occurred irrespective of total vegetable intake, total fruit intake, 
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and overall total fruit and vegetable intake—suggesting the effects are related specifically 
to the cruciferous vegetables.  
In our sex-stratified analysis ( Tables 4 and 5), cruciferous vegetable intake was 
associated with a reduction in CVD risk, particularly among men consuming 6 or more ½ 
cup servings per week. In fact, there was more than a 50% reduction in CVD risk 
observed in men with the highest intakes of cruciferous vegetables after adjusting for 
confounding by age, BMI, total fruit & vegetable intake, smoking, intake of total trans 
fatty acids, and physical activity. The effects were weaker among women. 
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Table 3. Multivariable models estimating adjusted hazard ratios for CVD associated with 
category of cruciferous vegetable consumption 
 
 
 
Model 1. Adjusted for age, BMI, total fruit & vegetable intake, smoking status, alcohol 
intake, total trans fat 
 
Model 2. Model 1 adjustments, with additional adjustment for sex 
 
Model 3. Model 1 adjustments, with additional adjustment for  sex and physical activity  
 
Model 4. Model 1 adjustments, with additional adjustment for  physical activity  
 
 
 
 
	
 
 
 
 
 
 
 
 			 	
               Model 1 Model 2 Model 3 Model 4 
Servings 
(1/2 c.) 
crucif. 
veg./wk 
 
 
   N 
 
CVD 
events 
 
 
HR 
 
 
   95% 
   CI 
 
 
HR 
 
 
  95% 
   CI 
 
 
HR 
 
 
95% 
CI 
 
 
HR 
 
 
95% 
 CI 
<1           
1-<3 1100 181  0.79 0.64 - 0.98 0.83 0.67-1.03 0.86 0.69- 1.07 0.82 0.66-1.02 
3-<6 659 115 0.78 0.61 - 1.01 0.84 0.65- 1.09 0.85 0.65-1.11 0.79 0.61-1.03 
6+ 297 40 0.66 0.45 - 0.98 0.72 0.49- 1.07 0.73 0.49 1.09 0.68 0.45-1.02 
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Table 4. Multivariable models estimating adjusted hazard ratios for CVD associated with 
category of cruciferous vegetable consumption in men 
	
Model 1. Adjusted for age, BMI, total fruit & vegetable intake, smoking status, alcohol 
intake, total trans fat 
 
Model 2. Model 1 adjustments, with additional adjustment for physical activity 			 	
								Men	 	 	 																				Model	1	 																			Model	2	 	 	
Servings	
(1/2	c.)	
crucif.	
veg./wk	
	
	
N	 	CVD	events		
	
	
HR		
	
	95%	
		CI	
	
	
HR		
	
	95%	
		CI	
<1	 	 	 	 	 	 	
1-<3	 494	 		101	 0.86	 0.66	–	1.1	 0.94	 0.71-1.2	
3-<6	 229	 		55	 0.95	 0.67	-	1.36	 0.99	 0.69-	1.4	
6+	 90	 		10	 0.49	 0.24	-	0.98	 0.49	 0.23	–	0.9	
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Table 5. Multivariable models estimating adjusted hazard ratios for CVD associated with 
category of cruciferous vegetable consumption in women 	
Women	 	 	    Model 1  Model 2 								
 
Model 1. Adjusted for age, BMI, total fruit & vegetable intake, smoking status, alcohol 
intake, total trans fat 
 
Model 2. Model 1 adjustments, with additional adjustment for physical activity 			
There was an inverse linear trend in CVD risk for all subjects associated with 
cruciferous vegetable consumption. Out of a total sample size of 2,902 particpants and 
514 CVD events, the number of CVD events in each category for all subjects combined 
was 178, 181, 115, and 40 for lowest to highest intake (0-<1, 1-<3, 3-<6, 6+ 
servings/week), respectively. For women (n=1600), there were a total of 230 CVD events 
and 1,370 who were censored. There were 606, 430, and 207 CVD events in groups 1-
<3,3-<6 and 6+ servings/week, respectivelyIn men (n=1302), there were 494, 229 and 90 
CVD events for the same 3 categories, respectively. 	  
Servings 
(1/2 c.) 
crucif. 
veg./wk 
 
 
N 
 
CVD 
events 
 
 
 
HR 
 
 
95% 
CI 
 
 
HR 
 
 
95% 
CI 
<1       
1-<3 606 80 0.80 0.64 - 0.98 0.76 0.54 - 1.1 
3-<6 430 60 0.75 0.61 - 1.01 0.72 0.49 - 1.07 
6+ 207 30 0.84 0.45 - 0.98 0.85 0.50 - 1.4 
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DISCUSSION 
 
Our findings suggest that higher intakes of cruciferous vegetables, irrespective of 
overall fruit and vegetable intake, may significantly reduce the risk of CVD, particularly 
in men. The stronger effect in men than in women in our sex-stratified models may be 
associated with the higher baseline risk of CVD among men; it could be that indivduals 
who are more susceptible to a particular disease may be more impacted by therapeutic 
interventions. 
Some of the strengths of this study include the extensive follow-up durations, the 
prospective design, and the comprehensive and recurrent dietary lifestyle assessments. In 
addition. The carefully adjudicated CVD outcomes in this study are also noteworthy. 
There are several potential limitations that also need to be taken into account. Firstly, 
although the FFQs used in these cohorts have been validated and showed reproducibility 
and validity, some measurement errors and misclassification of food intake are possible. 
Many factors such as cooking methods, storage, temperature and pH influence the 
nutritional integrity and bioavailibity of cruciferous vegetables. We could not determine 
any of the aforementioned factors from the FFQ, and such details could greatly alter the 
quantity and quality of the food (e.g. many cooked vegetables often yield less volume but 
this may not have been considered in reporting portions consumed). In addition, cooking 
methods may impact how a given food is utilized by the body; for instance, cooking 
deactivates myrosinase, which is needed to convert glucoraphin to ITCs—however, if 
myrosinase-containing mustard seed powder is consumed with cooked cruciferous 
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vegetables, the conversion of glucoraphin to its bioactive metabolites is significantly 
increased (Ghawi, Methven & Niranjan K 2013).  
It is plausible to speculate that cruciferous vegetable consumption may confer 
stronger cardioprotective effects under a different, more controlled context, given that 
there are a myriad of food-nutrient-gene-environmental interactions that can modify how 
the food becomes assimilated (e.g. genetic polymorphisms that impact one’s capacity to 
absorb ITCs). Therefore, mechanistic studies are needed to address these potential 
differences. Secondly, although we controlled for a sizable number of potential 
confounders in multivariate models, it is possible for there to still be residual or 
unmeasured confounding. Thirdly, our small sample size of individuals with high intakes 
of cruciferous vegetables would have reduced our statistical power overall and 
particualarly for sex-stratifed analyses. Non-significant associations observed in this 
study may also be due to type II error and/or bias introduced by regression dilution and 
measurement error, mitigating observed risk estimates. 
Our results are consistent with other findings from large prospective cohort 
studies that have reported inverse associations between cruciferous vegetable intake and 
CVD outcomes (Buil-Cosiales P et al., 2016; Zhang et al., 2011; Blekkenhorst et al., 
2017; Mizrahi et al., 2009;	Joshipura et al., 1999 ). In two separate cohorts [The Shanghai 
Women’s Health Study (SWHS) and Shanghai Men’s Health Study (SMHS) Zhang et al. 
reported multivariable-adjusted HRs of 0.93 (0.84, 1.04), 0.90 (0.81, 1.00), 0.80 (0.72, 
0.89) from the lowest to highest intakes of cruciferous vegetables for women, 
respectively, and HRs of 0.82 (0.71, 0.94), 0.79 (0.69, 0.91), 0.73 (0.64, 0.85) for men 
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from the lowest to highest intakes, respectively.  The SWHS cohort comprised 74,942 
females aged 40-70 years and the SMHS included 61,500 males aged 40–74 years.  In the 
PREvención con DIeta MEDiterránea (PREDIMED) study, Buil-Cosiales et al. reported a 
multivariable-adjusted HR of 0.64 (95% CI 0.42–0.97) for CVD risk for the highest 
cumulative average intake of cruciferous vegetables relative to the lowest cumulative 
average intake. In a cohort of  1226 Australian women aged >70 years, the Perth 
Longitudinal Study of Ageing Women (PLSAW), Blekkenhorst et al. reported a 
multivariable-adjusted HR of 0.88 (95% CI 0.81–0.95) for atherosclerotic vascular 
disease (ASVD) for every 10 g/day increase in cruciferous vegetables.  A dose-response 
pattern for both women and men was also reported in in the NHS and HPFS cohorts, with 
a 32% reduction in the risk of ischemic stroke (pooled RR, 0.68; 95% CI: 0.49-0.94) for 
every 1 serving increase of cruciferous vegetables per day. 
Finally, in the Finnish Mobile Clinic Health Examination Survey (FMCHES) 
cohort (n = 3939), Mizrahi et al. reported a multivariable-adjusted RR of 0.79 (95% CI 
0.63–0.99), 0.67 (95% CI 0.49–0.92), and 0.49 (95% CI 0.25, 0.98) for total stroke, 
ischemic stroke, and intracerebral hemorrhage, respectively. These results corresponded 
to the highest intakes relative to the lowest intakes of cruciferous vegetables.  
A comprehensive review by Blekkenhorst et al. analyzed associatons between a 
variety of subclasses of vegetables (allium, leafy green, cruciferous, yellow-orange-red, 
legumes) on CVD outcomes and concluded that cruciferous and leafy green vegetables 
conferred the most pronounced inverse effect on CVD incidence (Blekkenhorst et al., 
2018). While several prospective cohort studies show an inverse association between 
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CVD and cruciferous vegetable intake, others do not (Bhupathiraju et al., 2013; Hung et 
al., 2004; Takatchi et al., 2007; Gaziano et al., 1995; Oude et al., 2011). This analysis 
adds an important additonal piece of evidence supporting a beneficial association 
between cruciferous vegetable intake and risk of CVD, particularly among men who are 
at higher risk for death and disability at younger ages from this devastating disease.  
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